INSTITUTION AND DECOMPOSITION OF NATURAL-DISASTER IMPACT ON GROWTH

We investigated whether natural disasters enhance efficiency improvement, capital accumulation, and technological progress. Furthermore, we examined whether the influence of natural disasters depends on the legal origin. By using long-term panel data, this paper decomposes productivity growth measured by the growth of output per labor unit into three components: efficiency improvement, capital accumulation, and technological progress. After controlling for countries' specific unobservable characteristics and year-specific effects, we found that the impacts of natural disasters vary according to specifications. Natural disasters enhance capital accumulation and technological progress in non-French-civil-law countries, but have no effect in these areas in French-civil-law countries. (JEL : E25, O4, O15)
I. INTRODUCTION
External shocks have a tremendous effect on economic activity, and natural disasters are considered one such shock. Improvements in disaster-prevention technology would appear to reduce the influence of natural disasters in modern society. However, recent natural disasters, such as Hurricane Katrina in the United States and the Great East Japan Earthquake, have revealed that major disasters continue to have a profound effect on human society even in the most developed countries in the twenty-first century.
Recently, there has been increasing interest in the economic consequences of natural disasters (Cavallo and Noy, 2009 ): for example, the impact of disasters on economic loss and death (e.g., Anbarci et al., 2005 , Kahn, 2005 , Escaleras et al., 2007 Toya and Skidmore, 2007; Yamamura, 2010) , foreign direct investment (e.g., Escaleras and Register 2011), and economic growth (e.g., Skidmore and Toya, 2002; Crespo-Cuaresma et al., 2008; Strobl 2011; Escaleras and Register 2012) .
There are various channels through which natural disasters influence economic growth (Skidmore and Toya 2002; Crespo-Cuaresma et al., 2008) . It has been argued that natural disasters lead to destruction of capital stock and so reduce output. Disaster risk reduces the expected return on physical capital, and so investment in physical capital falls (Skidmore and Toya, 2002) . On the other hand, as asserted in the seminal work of Skidmore and Toya (2002) , -disasters also provide an opportunity to update the capital stock, thus encouraging the adoption of new technologies‖ (Skidmore and Toya 2002, 665) 1 . That is, natural disasters appear to have both negative and positive effects on economic growth 2 . Skidmore and Toya (2002) pointed out the importance of the insurance market when the impact of natural disasters on growth is considered. Thus, they noted that -our study takes no account of the differential ability to insure against hazard‖ (Skidmore and Toya 2002, 682) . The development of markets is believed to depend on institutional conditions. Institutions are considered to play an important role in reducing the impact of an economic crisis (Johnson et al., 2000; Acemoglu et al., 2003) . As suggested by , the impact of an economic crisis, such as a banking crisis, on long-term economic growth depends on political institutions. In a similar way, the -net effect‖ of disasters on growth is thought to depend on such factors as the institutional background 3 . This is because long-term institutions are known to have a great effect on economic outcomes (e.g., Acemoglu et al., 2002; 2001; Du 2010) 4 . For example, a good deal of evidence suggests that legal origin is profoundly associated with incentives to economic agents and, therefore, economic performance (e.g., La Porta et al., 1997 Porta et al., , 1998 Porta et al., , 1999 Porta et al., , 2008 . Countries with better-developed financial systems show superior growth in capital-intensive sectors (Rajan and Zingales 1998) .
Furthermore, legal origin is considered to exogenously determine the degree of financial development that promotes economic growth (Levine 1998) . According to evidence provided by La Porta et al. (1998) , French civil-law countries offer the weakest legal protection to investors. It seems plausible therefore to assume that the insurance market 2 In a similar vein, there are contradictory views about the impact of economic crises on growth (Cavallo and Cavallo, 2011) . Crises increase uncertainty and reduce investment, resulting in impeded economic growth (Ramey and Ramey 1995) . Conversely, crises enhance institutional improvements, leading to a rise in economic performance (Drazen 2002; Bordo 2007) . 3 However, an economic crisis appears to be an endogenous variable. Natural disasters are considered exogenous rather than endogenous shocks. 4 The size of the aggregate price shock needed to alter financial conditions depends on the institutional environment (Bordo et al., 2002) .
is less developed in French civil-law countries. In response to destruction of physical capital by natural disasters considered as a kind of external shock, investment in physical capital plays an important role in recovery from disaster damage and subsequent growth. After a natural disaster has occurred, investment in physical capital is, however, likely to be low in a country that offers poor legal protection to investors and thus has a less-developed insurance market. Consequently, natural disasters would be expected to hamper capital accumulation in French civil-law countries, impeding economic growth. However, the extent to which the impact of natural disasters on capital accumulation depends on institutions has hitherto received insufficient attention 5 .
The aim of this paper is to remedy that.
In addition to capital accumulation, technological progress is a key factor in economic development. As asserted by Schumpeter (1912) , creative destruction is the engine of technological progress, leading to economic growth. Natural disasters can be considered a catalyst of creative destruction (Skidmore and Toya 2002) . It is important to decompose economic growth into various factors and then to examine the impact that natural disasters exert on them. Data envelopment analysis (DEA) allows the construction of a production frontier and the decomposition of labor-productivity growth into three components: efficiency improvement, capital accumulation, and technological progress (Banker et al. 1984; Cooper et al., 2000) . Previous reports (Yamamura 2011 , Yamamura and Shin 2007a , 2007b , 2008 , Zheng et al., 1998 have used DEA to decompose labor-productivity growth so as to investigate economic growth more closely. Through regression analysis, these studies have examined how various key independent variables have an effect on these three components. Adopting this approach, the present paper attempts to examine how natural disasters affect not only economic growth but also capital accumulation, efficiency improvement, and technological progress. Furthermore, the degree of influence of natural disasters on these factors depends on institutional settings, such as a country's legal origin, and that is also addressed in the present study.
Using panel data from 57 countries over a 25-year period from 1965 to 1989, the present study controls for year-specific and unobservable country-specific effects 6 . The main findings here provide evidence as follows: the effects of natural disasters on labor-productivity growth vary according to specifications and are thus inconclusive.
However, natural disasters enhance capital accumulation and technological progress for non-French-civil-law countries, though disasters have no such effect in French-civil-law countries.
This paper is organized as follows. Section II explains briefly the strategy of the method used in the present paper and describes data sources. Subsequently, regression functions are presented. Section III discusses the results of the estimations. The final section offers concluding observations.
II. METHODOLOGY
6 Skidmore and Toya (2002) did not control for the unobserved time-invariant features of countries when they examined the impact of natural disasters on growth; this was probably because they used a cross-sectional dataset. In addition to cross-country data, Crespo-Cuaresma et al. (2008) used panel data to examine the impact of natural disasters on growth. They did not control for the unobserved time-invariant features of countries, although regional dummies were included. Hence, institutional factors were not controlled for in these studies. Following the approach of Kumar and Russell (2002) 10 , the DEA method can decompose labor-productivity growth into efficiency improvement, capital accumulation, and technological progress, based on the Penn World Table ( Färe et al., 1994 Färe et al., , 1996 11 . This approach has an advantage over the growth accounting approach in that we can further decompose total factor productivity growth, thereby obtaining more detailed information. I take these variables as dependent variables. This method allows an assessment of how and to what extent natural disasters have an effect on productivity growth through capital accumulation, efficiency improvement, and technological progress.
Data
(1) Capital accumulation can be regarded as a contribution of investment in physical capital to labor-productivity growth. (2) Efficiency improvement can be 9 SIDD is based on a comprehensive collection of income-distribution data from the World Income Inequality Database (WIID), which is compiled by the United Nations University's World Institute for Development Economics Research. SIDD adjusts the raw WIID data for differences in scope of coverage, income definition, and reference unit to a nationally representative gross-income household per capita standard. There are various versions of SIDD, such as SIDD-1, SIDD-2, and SIDD-3. The present paper used SIDD-3, which is an interpolated and extrapolated version of SIDD-2. 10 Kumar and Russell (2002) admitted that their method includes the possibility of an implosion of the technological frontier. Henderson and Russell (2005) precluded an implosion of this frontier over time. In the present paper, it is also precluded. 11 This decomposed dataset is also used in Yamamura and Shin (2007a) and Yamamura (2011). considered the contribution of technology (knowledge) spillovers to labor-productivity growth. (3) Technological progress can be considered the contribution of technology replacement, capturing Schumpeterian-type creative destruction to labor-productivity growth.
Using the above method, it is possible to examine whether and to what degree natural disasters-in determining productivity growth-affect investment in physical capital, technology (knowledge) spillover, and technology replacement.
Specification of the regression function
I would now like to formulate a regression function, which takes growth of labor productivity, growth of the level of efficiency, growth of the level of per capita capital, and change in the level of technology as dependent variables, denoted as GY it . GY it , is LY it1 -LY it0 . To estimate their determinants, the following equation is postulated:
represent the following unobservable effects, t's year-specific effects, the i'‗s prefecture-specific effects, and the error term, respectively. t0 is the lagged year of the t's year. i  represents the time-invariant feature. The dataset used in this study has a panel structure. I incorporate a lagged-dependent variable, LY it0 , to control for the initial level. I employed a fixed-effects model with year dummies as the two-way fixed-effects model. The definition of each independent variable is presented in Table I .
NATDIS represents the number of natural disasters, and it consists of various type of disasters. Previous works have divided these into climatic and geologic disasters and examined their effects on economic growth (Skidmore and Toya 2002; Crespo-Cuaresma et al., 2008) . In addition to NATDIS, their effects were also examined.
The effects of climatic disasters are almost the same as those of NATDIS, while geologic disasters have no effect on dependent variables. This is consistent with the argument that -climatic disasters are more reasonably proxy for physical capital-related catastrophic risk than geologic disasters since they tend to impact larger economic areas and occur periodically‖ (Crespo-Cuaresma et al., 2008, p.221) . The results of climatic and geologic disasters are not reported here although they are available upon request.
The frequency of natural disasters varies according to geographic factors. For instance, the probability of natural disasters depends on the location of a country with respect to plate tectonic fault lines. Furthermore, countries with a greater land surface area have a greater tendency to experience natural disasters even if other geographic conditions are the same. That is, the land mass is positively associated with the probability that natural disasters may take place in a country, which leads to estimation bias. To control for this, the number of disaster events is normalized by the land area (Skidmore and Toya 2002; Crespo-Cuaresma et al., 2008) . The size of the land area is considered a time-invariant country-specific effect. Hence, the fixed-effects estimation control for this, and thus the unadjusted total number of natural disasters, is used in this paper.
The level of disaster-prevention technology is believed to improve over time, leading to a reduction in damage produced by natural disasters. Furthermore, climate changes around the world influence the frequency of natural disasters. These effects can be covered in ε t, which is controlled by incorporating year dummies.
Apart from the key variable NATDIS, the initial level of income (LY_1) seems to be related to damage caused by natural disasters (e.g., Kahn 2005; Toya and Skidmore 2007; Kellenberg and Mobarak 2008; Yamamura 2010) . Government size, represented
as GOVSIZ, appears to be associated with economic growth since governments influence the allocation of resources and therefore impede economic activity (Yamamura 2011) . Economic openness (OPEN) appears to enhance the introduction of new technologies to help prevent disasters. Schooling years (SCHOOL) captured human capital effects, which are widely known to be one of the key determinants of economic growth. Income inequality, measured by Gini coefficients, is also considered to be associated with economic growth.
III. ESTIMATION RESULTS
The estimation results of the fixed-effects model with a year dummy, which can be considered a two-way fixed-effects model for labor-productivity growth, capital accumulation, efficiency improvement, and technological progress, are presented, respectively, in Tables II, III for checking whether the data are robust to alternative specifications. The sample size was reduced when independent variables were added because additional independent variables were not available for some countries. This paper focuses on the effect of natural disasters on each dependent variable.
Labor-productivity growth Table II shows the results concerning the determinants of labor-productivity growth. NATDIS yields a positive sign in all estimations in Table IIa , b, and c. However, it is statistically significant only in columns 1 and 2 of Table IIa and c, and in columns 2 and 5 of Table IIb . Thus, by using the whole sample, it is not conclusive whether NATDIS has a positive effect on labor-productivity growth. Furthermore, the impact of natural disasters shows no difference between non-French-and French-civil-law countries. At least, it can be argued that natural disasters do not reduce labor-productivity growth, which is in line with the findings reported using cross-country data (Skidmore and Toya, 2002) .
Capital accumulation
From Table IIIa , it is evident that NATDIS produced a positive sign in all columns, while being statistically significant in columns 1 and 2. Therefore, the positive effects of natural disasters on capital accumulation are not robust to alternative specifications. The results presented in Table IIIb indicate that the coefficients of NATDIS take a significant positive sign in all estimations. This demonstrates that natural disasters enhanced capital accumulation in non-French-civil-law countries. Conversely, Table IIIc indicates that the coefficients of NATDIS take a positive sign in columns 1, 4, and 5 though they take a negative sign in columns 2 and 3. From this, it can be concluded that natural disasters have a positive impact on capital accumulation in non-French-civil-law countries but not in French-civil-law countries. Skidmore and Toya (2002) argued that natural disasters reduce investment in physical capital because the expected rate of return to physical capital is reduced.
Conversely, Skidmore and Toya (2002) also pointed out the possibility that -the potential increase in human capital induced by natural disasters may increase the return to physical capital, leading to an increase in physical capital investment. Also, some resources are used for disaster management and physical capital replacement following a disaster so that physical capital investment would increase‖ (Skidmore and Toya 2002, 677) . Furthermore, -some countries may have highly developed insurance markets and therefore may be able to reduce the risks associated with disasters‖ (Skidmore and Toya 2002, 682) . In French-civil-law countries, where legal protection for investors is weak, the insurance market is considered to be less developed (La Porta et al., 1998; 2008) .
The findings of the present paper indicate that the legal protection for investors increases the benefit following natural disasters on investments in physical capital.
Consequently, the positive effects of natural disasters on investment outweigh the negative ones, leading to an increase in investment in physical capital in non-French-civil-law countries.
Efficiency improvement I now turn to the results of Table IV. In Table IVa and c, the coefficient of NATDIS yields a positive sign in all columns. Conversely, it is evident in Table IVb This, however, relies on institutional conditions to capture the legal protection for investors. The above findings can be interpreted as follows: The rate of return from investment in research and development (R&D) is low when the legal protection for investors is weak. Consequently, investment in R&D in response to natural disasters decreased in French-civil-law countries, which of course had a negative effect on technological progress.
IV. CONCLUSION
In response to an upsurge in interest in the outcomes of natural disasters from an economic point of view, an increasing number of studies have recently been devoted to investigating how such disasters affect economic growth. Little is known, however, regarding the channels through which natural disasters exert an effect on productivity growth. It is open to question whether the influences of natural disasters on capital accumulation, technology spillover, and technology progress are different. Accordingly, rather than putting an emphasis just on labor-productivity growth, this paper decomposes such growth into several components and closely examines them.
It is increasingly acknowledged that long-term institutional factors, such as the legal origin, have an effect on economic outcomes. As shown by , the impact of an economic crisis, such as a banking crisis, on growth varies according to institutional conditions. A natural disaster exerts a different type of shock to that of an economic crisis in that a natural disaster has a direct destructive impact on physical capital. In addition, natural disasters are thought to be a kind of exogenous shock; thus, examining the effect of natural disasters can be undertaken in the form of a natural experiment, although the occurrence of natural disasters, to a certain extent, can be predicted. Thus far, no researcher, however, has explored the impact of natural disasters on growth and institutional conditions. Hence, this paper attempts to examine Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Notes: Numbers in parentheses are t-statistics calculated using robust standard error. *,**, and *** indicate significance at 10-, 5-, and 1-percent levels, respectively. For each estimate, year dummies are included but are not reported to save space. In each column, the sample size may vary across different specifications owing to data availability. Tables II, III, IV and V. 
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